Commercial poultry production is associated with various stresses leading to decrease of productive and reproductive performance of growing chickens, parent birds and layers. In commercial poultry/animal production, there are four major types of stress: technological, environmental, nutritional and internal stresses. A growing body of evidence indicates that most of the stresses in poultry production at the cellular level are associated with oxidative stress due to excess of free radical production or inadequate antioxidant protection. The vitagene concept of fighting stresses emerged as a new direction in a nutritional research and it was successfully transferred from medical sciences to agricultural sciences, including poultry and pig production. In fact, vitagene regulation by nutritional means appeared as a new approach to realise a full potential of the body for adaptation to stress conditions in poultry/animal production. Therefore, the aim of the study was to test if supplementation of the vitagene-regulating antioxidant mixture (Magic Antistress Mix/PerforMax) with drinking water can improve broiler performance in stressful conditions of commercial chicken production. The experiment was conducted at the poultry farm AO «Prodo Tumenskiy Broiler» (Tumen region, Russia) in a special poultry house designed and equipped for conducting experimental trials and measuring growth parameters weekly. Twelve thousand and four hundred newly hatched Arbor Acres chicks were divided into two equal groups with four replicates in each group and placed in poultry house. The results confirmed the idea that using vitagene-regulating mixture with drinking water can improve chicken performance, including improvement in FCR (1.50 vs 1.56 in control) and vaccination efficacy, as shown by increased vaccination index by 40 %).
performance and feed efficiency [2] . In modern commercial poultry production, oxidative stress-related nutritional metabolic diseases (e.g. encephalomalacia, exudative diathesis, muscular dystrophy, etc.) have practically disappeared [3, 4] , however, various disorders in the antioxidant defence system still cause substantial problems. For example, the amount of a particular nutrient in the diet may be insufficient to meet requirements, the diet may contain substances that inactivate the nutrient or inhibit its absorption/utilisation, or metabolism may be upset by the interaction of dietary and environmental factors causing oxidative stress [5] .
A growing body of evidence indicates that most of the stresses in poultry production at the cellular level are associated with oxidative stress due to excess of free radical production or inadequate antioxidant protection [3, 4] . Therefore, dietary antioxidants are considered to be the main protective means to deal with various stresses in poultry production [3, 4, [6] [7] [8] . Recently, a concept of the cellular antioxidant defence has been revised with a special attention paid to cell signalling. Indeed, in animals, redox signalling pathways use reactive oxygen species (ROS) to transfer signals from different sources to the nucleus to regulate a number of various functions including growth, differentiation, proliferation and apoptosis.
The vitagene concept of fighting stresses emerged as a new direction in a nutritional research and medical sciences. In accordance with Calabrese et al.
[9] the term vitagenes refers to a group of genes that are strictly involved in preserving cellular homeostasis during stress conditions and playing an essential regulatory role in cell and whole organism adaptation to various stresses. The vitagene family includes heat shock proteins (HSPs; Heme oxygenase-1 and HSP70), the thioredoxins (Trx)/thioredoxin reductase (TrxR) system, sirtuins [9] and superoxide dismutases (SOD) [10] . The vitagene concept has been applied to various human diseases, involving neurodegenerative disorders [11] , neuroprotection [12] , schizophrenia [13] , vascular dementia [14] , autism spectrum disorders [15] , aging and longevity [9, [16] [17] [18] , dermatology [19] , free radical-related diseases [20] , osteoporosis and Alzheimer pathology [21] . The vitagene concept was successfully transferred from medical sciences to agricultural sciences, including poultry and pig production [22] [23] [24] [25] [26] [27] [28] and was reviewed in previous issue of this journal 5 years ago [23] . Upregulating vitagenes, for-example, via the Nrf2/ARE system, and improving adaptive ability of animals to stress it is possible to decrease negative consequences of various stresses in poultry and farm animal production. Indeed, vitagene regulation by nutritional means [10, 23, 27, 28] appeared as a new approach to realise a full potential of the body for adaptation to stress conditions in poultry/animal production. Indeed, modulation of endogenous cellular defence mechanisms may be an innovative approach to deal with commercially relevant stresses in poultry/animal production.
Therefore, when testing whether supplementation of the vitageneregulating antioxidant mixture (Magic Antistress Mix/PerforMax) can improve broiler performance in stressful conditions of commercial chicken production, in this well organised and controlled experiment, conducted in accordance with requirements set in many countries with developed poultry production, it was clearly shown that Magic Antistress Mix/PerforMax supplied with drinking water to Arbore Acres broilers, decreased negative impact of commercial stresses. This led to improvement of feed conversion ratio (FCR) and vaccination index (VI).
The aim of the study was to test if our previously developed vitageneregulating antioxidant mixture (Magic Antistress Mix/PerforMax) can be used to improve liveability and productivity of broilers in commercial conditions.
Techniques. The experiment was conducted at the poultry farm AO Pro-do Tyumen Broiler (Tumen region, Russia) in a special poultry house designed and equipped for conducting experimental trials and measuring growth parameters weekly. Twelve thousand and four hundred newly hatched Arbor Acres chicks were divided into two equal groups with four replicates in each group and placed in a poultry house. Temperature, light and other parameters of chicken growth were maintained in accordance with recommendations of Arbor Acres accepted at the poultry farm. The diet was balances in all major nutrients in accordance with the same Arbor Acres recommendations accepted at the poultry farm. In additional to the balances died the experimental birds were supplemented with Magic Antistress Mix/PerforMax with drinking water at a dose of 1 mg/l in stressful period of chicken growth in accordance with recommendations of the preparation developer (Feed-Food Ltd., UK). The preparation composition was shown earlier to contain vitagene-regulating mixture of vitamins, minerals, amino acids, carnitine, betaine, organic acids, etc. [35] . Chickens were grown up to 35 days and information was collected weekly. Body weight and daily gain (g), mortality (%), daily feed consumption (g) and FCR were assessed in three growth periods (15-21 days, 22-28 days and 29-35 days) and for whole growth period (1-35 days). To compare broiler results from different flocks and different regions, the European Broiler Index (EBI) or European Production Efficiency Factor (EPEF) is used (this factor standardises technical results, taking into account feed conversion, mortality and daily gain): EPEF = (Average daily gain, g ½ survival rate, %)/(FCR ½ 10). At the end of the experiment intestinal weight was assessed and internal organ examination was conducted to check nephritis, enteritis and intestinal atony.
Efficacy of vaccination against infectious bursitis was assessed by ELISA in accordance with recommendations of test system producer (BioTek Instruments, Inc., USA). Vaccination Index (VI) was calculated as a ratio of average antibody titre by ELISA to variation coefficient (Сv, %).
During statistical analysis, average parameters (M) and the standard errors (±SEM) were determined. Significance of differences with Control was assessed by t-test by using ANOVA, differences were considered to be significant at р < 0.05.
Results. Chicken viability (Table 1) in both groups was within standards for the poultry farm. However, the mortality for 35 days in the control group (3.8 %) was numerically higher in comparison to the control group. In commercial conditions such a difference could be significant for a meat producer. Usage of Magic Antistress Mix/PerforMax with drinking water was associated with decrease number of enteritis, nephritis and intestinal atony as well as pododermatitis (data not shown). For the first two weeks of the experimental period data in the control and experimental groups were not different (data not shown). Later (see Table 1 ) there was an improvement in FCR in the experimental group in comparison to the control group resulting in decreased feed consumption per week. There was no difference in body weight and daily gain in the control and experimental groups. Therefore, the main advantage of usage of vitageneactivating composition for growing broilers was associated with improvement of FCR, which in the experimental group (1.50) was significantly better than in the control group (1.56). EPEF is used to compare results of broiler growth in different areas and flocks. Taking into account all data of the chicken growth and development for 5 weeks EPEF in the control group was shown to be 356.8, while in the experimental group it was 372.8, being comparable with an efficacy of broiler production at the best farms in Russia and abroad.
It is important to mention that in experimental chickens at day 35 intestinal weight was higher (by 5 %) in comparison to the control chickens ( Fig. 1, A) . Vaccination efficacy against infectious bursal disease assessed by ELISA methodology (BioTeck) at day 35 includes antibody titres, Cv expressed in % and a vaccination index calculated as a ratio of average antibody titre to Cv. Our data indicates that average antibody titre in 35 days old chickens was 4500 in the control group and 5258 in the experimental group. It is interesting that Cv in the experimental group (24 %) was lower than that in the control group (29 %). As a result, the vaccination index in the experimental group was significantly higher than that in the control group (see Fig. 1 As a result of FCR improvement due to water application of the antistress composition economics of meat production was improved (Table 2) . Indeed, due to the PerforMax application an additional income per kg of meat production comprises 1.66 roubles.
In discussion of the data it is necessary to mention that in poultry production, there are four major types of stress [25] [26] [27] , including technological, environmental, nutritional and internal stresses [28] [29] [30] [31] [32] [33] (Fig. 2) .
T e c h n o l o g i c a l s t r e s s e s Chick placement Increased stocking density Weighing, grading, group formation, catching, transferring to breeder houses Prolonged egg storage, egg transportation, inadequate egg storage conditions, incorrect incubation regimes E n v i r o n m e n t a l s t r e s s e s Inadequate temperature Inadequate ventilation and increased dust Inadequate lightning N u t r i t i o n a l s t r e s s e s Mycotoxins Oxidised fat Toxic metals (lead, cadmium, mercury, etc.) Imbalance of minerals (Se, Zn, Cu, etc.) and other nutrients Low water quality Usage of coccidiostats and other drugs via feed or water I n t e r n a l s t r e s s e s Vaccinations Microbial or virus challenges Gut dis-bacteriosis Pipping and hatching It has been suggested that in broiler production stress of chicken placement is one of the most important stresses. Indeed, chick viability is an important factor in determining profitability. In fact, from fertilisation to placement at the broiler farm, factors such as egg quality, egg storage conditions, incubation conditions and post-hatch environment will all affect chick quality [34] . It has been proven that the first 24 hours of the chick's life are the most important [34] [35] [36] [37] . It is believed that a chick should have an access to the feed and water as soon as possible after hatching to stimulate the development of the digestive and immune systems. It is well appreciated that time between chick hatch and placement is stressful due to dehydration and yolk sac reserve depletion. Indeed, when putting together hatching time inside the hatcher, time of chick processing and transportation, and finally, placement at the farm, it could take up to 36-48 h before a newly hatched chick has access to feed and water and during this time body weight decreases quickly [38] . It has been shown that in the hatching chick the most dramatic changes in the small intestine occur within the first 24 h posthatch [39] . In fact, there is an inverse relationship between duration of posthatching holding time and subsequent chick performance [34-37, 40, 41] . Therefore, immediate access to feed and water help achieving an increased body weight of the growing chick at 3 weeks of age [42] or at market age of broilers [43] . It should be also mentioned that there is the hatch window (24-36 hours) or the spread between late and early hatchers which depends on the homogeneity/heterogeneity of the incubating eggs which is dependent on breeder age [36, 37] . A spread in the hatching period will increase the numbers of chicks sitting extra hours in stressful conditions of the hatcher without food or water. Furthermore, any delay in accessing food [44, 45] and/or water intake after hatching as well as hatchery treatments such as vaccination, sexing and transport to the farm can result in additional stress [46] . Indeed, extended time in the hatcher (36 h) was associated with decreasing antioxidant defences indicative by decreased vitamin E and coenzyme Q concentrations in chicken tissues [47] .
Given the relatively high temperature and humidity in the hatcher, it is possible to make the argument that the chick may be under chronic oxidative stress during this holding time [23, 47] . Therefore, antioxidant protection at hatching time is considered to be an important determinant of chick viability during first posthatch days [3, [48] [49] [50] . During chick embryo development there is an antioxidant/prooxidant balance in the tissues which supports normal embryonic development and post-hatch chick viability [48] [49] [50] [51] . It has been suggested that an accumulation of the natural antioxidants like vitamins A, E and carotenoids as well as an increase in GSH-Px activity in the embryonic liver may have an adaptive significance, evolving to protect unsaturated lipids against peroxidation during the stress imposed by hatching [3, 49, 50] .
Postnatal nutritional exposures are considered to be critical for the developmental maturation of many organ systems and optimal physiological functions. There is a growing body of evidence indicating that environmental exposures including nutritional exposures during these critical and sensitive periods of life can cause permanent changes in many physiological processes, which is known as "programing" [52] . Our previous investigations indicate that low quality neonatal nutrition resulted in long-term impairment in the capacity to assimilate dietary antioxidants [53] . It seems likely that early programming associated with epigenetic mechanisms plays a key role in chicken growth and development and at time of chicken placement. Furthermore, scientific evidence is accumulating that the programming effects of conditions during early development can be transmitted to the offspring [54] . Therefore, transgenerational effects of stress are potentially mediated via modulation of the hypothalamic-pituitary-adrenal axis as well as epigenetic mechanisms causing heritable changes in gene expression and it was suggested that early experiences may shape phenotypes of chickens in a long-term way [55] . In addition to the aforementioned stresses chicks are exposed to such stresses as hatching without maternal contact, transportation and social isolation. Indeed, the early life social isolation stress resulted in a dampened corticosterone response to restraint stress in affected birds and in their male offspring. Furthermore, stress-specific genes, such as early growth response 1 and corticotropin-releasing hormone receptor were upregulated immediately after restraint stress [55] .
Research data is accumulating to support the hypothesis that the vitamin E status of chickens and turkey poults and chickens may be inadequate during the first weeks after hatching [56] . A variety of approaches aimed at improving the vitamin E status of turkey poults have, in fact, been investigated including dietary supplementation of the poults with high levels of α-tocopherol [3, 57], bile salts [58] and fat [59] , as well as vitamin E injection [60] and alterations in provision of n-6 and n-3 polyunsaturated fatty acids [60] . When d-α-tocopherol was added in the drinking water, there was an increase of α-tocopherol in tissues and a decreased susceptibility of red blood cells to hemolysis [61] . Moreover, dayold chickens were treated per os with 3.25 mg vitamin E/bird per day, via the drinking water, for two weeks. The vitamin E content of both the liver and the blood plasma was significantly higher in the treated chickens than in the untreated controls [62] . It seems likely, that provision of vitamin E and other fatsoluble vitamins (A, and D 3 ) with water at time of chicken placement can solve the problem of their low availability for newly hatched chicks [23] . Such a supplementation helps chickens overcome stress of placement and has positive effects on chicken growth and development.
When chicks are placed in winter while outside temperature is quite low there is always a temptation to decrease ventilation to keep energy usage to the minimum. However, it is very important to provide good quality, warm, fresh air that is rich in oxygen for the recently hatched chicks. Indeed, the chick's trachea is very often irritated from being boxed and shipped in the chick trays, often for many hours. Furthermore, chicks can be exposed to formaldehyde gas and contaminated air during hatch [23, 50] . Excessive amounts of irritants such as carbon dioxide and ammonia can cause depression, dehydration, emaciation as well as various problems with the respiratory system of the chick [23, 50] . The increased lipid peroxidation and reduced activities of antioxidant enzymes in healthy chickens reared under unfavourable microclimatic conditions such as higher air temperature and humidity, higher ammonia concentrations, and lower light intensity were indicative about an induced oxidative stress [63] . It should also be mentioned that poor ventilation is often associated with toxic carbon monoxide accumulation. Toxicity causes irreversible physiological and biochemical changes that cannot be corrected with successive additional ventilation [25, 26] . Therefore, to deal with oxidative stress at chicken placement, there are several important options. They include: a) electrolyte supplementation via drinking system to increase water consumption by chicks and keep optimal electrolyte balance in the body [23] ; b) fat-soluble vitamin supplementation via drinking water to overcome low efficacy of vitamin assimilation from the diet [3, 23]; c) other protective nutrient supplementation (ascorbic acid, Se, carnitine, betaine, lysine, methionine, etc.) with water to decrease oxidative stress related to chick placement and gut adaptation to a new type of feed [23, 28] . Improved antioxidant defences during first days of postnatal life are suggested to help immune system development in this critical period of time [65, 66] .
As it was shown in our study, supplementation of the vitagene-regulating composition with drinking water helps chicken to maintain optimal FCR which was significantly improved in comparison to the control chickens. Therefore, it could well be that by decreasing placement stress it is possible to give chickens a better start which later will be translated into better gut development and health. In fact a trend indicating increased intestinal weight in the experimental chicks found in our study could be one of those factors reflecting the aforementioned feature. Our previous idea about antioxidant-prooxidant balance in the gut [67, 68] recently has been updated in relation to chicken placement [51] . Indeed, antioxidant protection in chicken gut is based on natural antioxidants, including vitamin E and carotenoids, and enzymatic systems [69] , including SOD, an important part of the vitagene network [10] . Therefore, by using vitagenepromoting composition with drinking water it is possible to improve antioxidant defences of the gut and this could contribute to a better gut integrity translated into a better FCR.
The second possibility of better FCR is an improvement of immunocompetence. Indeed, immune system is a crucial factor determining not only chicken health but also chicken production efficacy. In fact, immune system is quite expensive to run and only optimal immune response gives a reliable protection against pathogens with minimal expenses for the body. Our data indicates that index of vaccination in the experimental chickens was increased and this could be due to immunomodulating properties of the vitagene-regulating mixture used in this experiment. Our previous studies clearly showed that upregulation of vitagenes is an important approach for high immunocompetence in commercial poultry production and PerforMax was shown to decrease vaccination stress [23, 66] . It has been proposed that communication between various immune cells is a key for high immunocompetence [3, 4] . Indeed, immune system includes trillions of lymphocytes and billions of phagocytes and all those cells have to communicate with each other and other types of immune cells to make a right decision on the strategy of immune defence. It seems likely that receptors on the surfaces of immune cells are responsible for such a communication and the receptors can be damaged by free radicals in stress conditions. Furthermore, production of communicating molecules such as cytokines and eicosanoids can also be affected by oxidative stress. Therefore, by upregulating vitagenes responsible for synthesis of such protective molecules as heat shock proteins, thioredoxin and thioredoxin reductase, sirtuins and superoxide dismutase it is possible to provide a protection for receptors and maintain high immunocompetence in stress conditions. Our previous studies indicated positive effects of the vitagene-regulating mixture (Magic Antistress Mix/PerforMax) on growing broilers, including improvement FCR [71, 72] and improved immunocompetence [70] . In this study previous results were confirmed in conditions providing growth, development and FCR comparable with the best examples of chicken production in Russia and abroad generating additional income.
Much attention has recently been paid to mycotoxins as the main nutritional stresses in poultry and animal production [73] [74] [75] [76] . Oxidative stress caused by mycotoxins is the main molecular mechanism of their action [77] [78] [79] . This is true first of all for ochratoxin [80] [81] [82] [83] , Т-2 toxin [84] [85] [86] , DON [87, 89] , fumonisins [90] [91] [92] and aflatoxins [93, 94] . It is very difficult to prevent feed contamination by mycotoxins. That is why various adsorbents are used to decrease negative effects of mycotoxins on animal/poultry with varied success [95] [96] [97] [98] . However, absorptive capacity for mycotoxins in different adsorbents is greatly varied and, therefore, feed adsorbents are not able to solve mycotoxin problem in animal/poultry industry. It seems likely that key strategy in fighting the mycotoxin problem includes usage of various antioxidant compositions in the diet to support functions of the liver, a place where detoxification of most mycotoxins takes place as well as to support intestine where microbiota is involved in DON detoxification [78, 99] . Indeed, successfully tasted in our experiment the vitagene-stimulating composition of wide spectrum of action may become a very important instrument in the hands of poultry technologists/nutritionists [22, 23] .
The importance and efficacy of the vitagene-regulating composition for rearing birds and adult egg type breeders (Hy-Line) have been studied at one of the biggest egg producing farms in Russia (Borovskaya poultry farm, Tumen region) and have been recently reviewed [28, 33, 100] . In particular, it was shown that usage of the antistress composition containing vitagene-activating nutrients (PerforMax/Magic Antistress Mix) with drinking water at specific periods of the increased stress can improve breeders' performance. In particular, there was an increase by 2 % of the egg peak production and peak plateau lasted about 50 days longer than that in the control birds. It is interesting to note that egg production in the control hens (260.8 eggs) was higher than the target one for the line in Russia (253.4 eggs), and in the experimental group this parameter increased by 6 eggs. Furthermore, improved egg production was associated with increased weight of the oviduct in the experimental layers. It is also important to mention that FCR (feed per 10 eggs) was also improved by usage of the antistress composition and was better than the target one for the line. Notably, shell strength at age 26, 36 and 56 weeks was improved in the experimental group by 2.8, 5.6 and 5.6 %, respectively. The most interesting finding was related to a significant increase of the carotenoid level in the egg yolk of experimental birds. Since carotenoids were not supplied with the antistress composition, this increase could be due to improved absorption of nutrients resulting from antistress composition usage. This can also explain improved FCR in the experimental birds. Vitamin A level in the egg yolk from the experimental layers was also increased probably reflecting its transfer from the antistress composition. In particular, antistress
; 4.9 and 4.3 %, respectively [28, 33, 100, 101] . Similarly, effects of the antistress composition on the rearing birds were studied [28] . In fact, the usage of the antistress composition positively affected testes development of 15-, 26-and 56-week old cockerels. The liver of experimental birds was characterised by a significant increase in vitamin A content at various ages [28, 102] . It was clearly shown that in laying type breeders PerforMax increased egg production, improved percentage of eggs suitable for incubation, as well as improved hatchability. This gave a profitability of hatching egg production at 29.3 % in comparison to 19.7 % in the control group [28] . There is also a possibility of increasing hatching egg production in broiler breeders due to PerforMax usage [103] . Furthermore, possible effects of supplying the antistress composition at 1 g/l drinking water to Hy-Line breeders on their progeny chicks with specific emphasis to chick uniformity as an important determinant of rearing birds' quality were studied [104] . The obtained data indicates that supplying the antistress composition to breeders was associated with a significant improvement of the uniformity (at day 28) in progeny chicks obtained from breeders of various ages: 26 weeks (81.3 vs 67.3 %), 32 weeks (85.5 vs 76.8 %), 40 weeks (83.2 vs 68.8 %), 48 weeks (75.5 vs 68 %) and 56 weeks (73.7 vs 62 %). Therefore, it seems likely that changes in egg composition due to supplying to breeders with important nutrients, including methyl donors (betaine, methionine, vitamin B 12 , etc.), could have epigenetic effects of the progeny chicks [23, 104, 105] . Furthermore, protective effect sof the product in pig production were also shown [24, 51, 106] . Our preliminary studies also indicate that upregulation of vitagenes by nutritional means is a universal approach for fighting stresses, since usage of vitageneregulating composition in other avian (turkey, duck, goose, quail) and animal species (young calves, lambs, foals, rabbits, fur animals, companion animals, fish, etc.) is quite effective (P. Surai, unpublished).
A study of relationship between vitagenes and gut microbiota can open new chapter in understanding of the role of gut immunity and structural integrity of the intestine in poultry/animal health [107] [108] [109] [110] . It seems likely that targeted action on the vitagene expression in the intestine could help find new approaches for increasing poultry/animal resistance to microbial and viral pathogens. However, this question remains to be studied in the future.
Thus, our new concept of fighting stresses is based on an idea that supplying birds with various antioxidants via drinking water could help them deal with stress conditions more effectively. In the aforementioned study it was confirmed that usage of the vitagene-regulation composition supplied with drinking water is an effective means in fighting stresses and improving growing birds' performance, including improvement in FCR and improved vaccination efficacy. The cooperative mechanisms of the vitagene network are considered in detail in recently published comprehensive reviews with a major conclusion indicating an essential regulatory role of the vitagene network in cell and whole organism adaptation to various stresses. Indeed, the products of the vitagenes actively operate in detecting and controlling diverse forms of stress and cell injuries. Furthermore, our analysis of recent data indicates that vitagenes can be regulated by nutritional means. In particular, vitamins A, D, E, C, as well as selenium, carnitine and betaine are shown to affect vitagenes and improve adaptive ability of animals/birds to various stresses. In fact, protective effects of the aforementioned nutrients on vitagenes are most pronounced in stress conditions. Indeed, these results are the first step to go from the development of the vitagene concept to designing a commercial product which can help fighting stresses in the commercial conditions of poultry and pig production. However, further work is required to understand molecular mechanisms of the interactions of vitagenes with various signaling pathways and transcription factors in the cell to build an adequate adaptive response to minimize detrimental consequences of commercially-relevant stresses in poultry and pig production. This would give an opportunity to improve our universal antistress composition and develop more specific compositions to deal with liver disorders in poultry associated with a commercial production of eggs and meat. It is likely that the vitagene concept would help solving other problems of modern poultry production, including losses associated with egg shell quality and eggs cracks in layers at the second part of their production. R E F E R E N C E S . 9. C a l a b r e s e V., G u a g l i a n o E., S a p i e n z a M., P a n e b i a n c o M., C a l a f a t o S., P u l e o E., P e n n i s i G., M a n c u s o C., B u t t e r . 12. C a l a b r e s e V., C o r n e l i u s C., M a n c u s o C., B a r o n e E., C a l a f a t o S., B a t e s T., R i z z a r e l l i E., K o s t o v a A.T. Vitagenes, dietary antioxidants and neuroprotection in neurodegenerative diseases. Frontiers in Bioscience, 2009, 14: 376-397. 13. C a l a b r e s e V., G i o r d a n o J., C r u p i R., D i P a o l a R., R u g g i e r i M., B i a n c h i n i R., O n t a r i o M.L., C u z z o c r e a S., C a l a b r e s e E.J. Hormesis, cellular stress response and neuroinflammation in schizophrenia: Early onset versus late onset state. J. Neurosci. Res., 2017, 95(5): 1182-1193 (doi: 10.1002/jnr.23967). 14. C a l a b r e s e V., G i o r d a n o J., S i g n o r i l e A., L a u r a O n t a r i o M., C a s t o r in a S., D e P a s q u a l e C., E c k e r t G., C a l a b r e s e E.J. Major pathogenic mechanisms in vascular dementia: Roles of cellular stress response and hormesis in neuroprotection. J. Neurosci. Res., 2016, 94: 1588-1603 (doi: 10.1002/jnr.23925). 15. C a l a b r e s e V., G i o r d a n o J., R u g g i e r i M., B e r r i t t a D., T r o v a t o A., O nt a r i o M.L., B i a n c h i n i R., C a l a b r e s e E.J. Hormesis, cellular stress response, and redox homeostasis in autism spectrum disorders. 
